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TITLE: AN ENERGY STORAGE DEVICDE 
- The pireseat invention relates to an eneigy stiorage device. » 

The invention has hesi developed piimaxily far providing an eneirgy store for 

e — 

portable electrical devices such as mobile telephones and l^top conq>utexs and will be 
5 described herHnafterwitfi reference to that application. However, the invention is not 
limited to tixat particular field of use and is also ^licable to other electrical loads 
including those that are remote fiom mains supplies or those that have higji peak 
cunents and low average currents. 
BACKGROUND OF THE INVENllON 
10 Dry cell and alkaline batteries, botii in primary and secondary form, are used in 

a wide variety of applications. Primary batteries are once only or disposable batteries, 
while secondary batteries are rechargeable. Batteries of these kinds arc used in mobile 
and cellular telephones, portable computers, cordless electric power tools, household 
appliances, cameras, and other mobile devices to name but a few. These fimn of 




15 batteries are prefened as they provide a relatively high aiergy density and are 



relatively inexpensive. The latter is of particular insqwrtance for primary cells winch 

are, in effect, consumables. 

Batteries are either primary and secondary sources and can be dither wet or dry 
celL Some of the commonly available types are alkaliiie, lithium ion, ii^ 
20 polymer, Mckel Metal Hydride, Nickel Cadniium or Carbon Zmc. Of the primary 
batteries, the most common batteries are in the form of cylindrical ceils, each of which 
provides apotential of ab ut 1.5 Volts. Anumber of such cells are generally 
connected in series to provide the necessary voltage for the device coiKemed. These 
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cells are spedjSedby size categonsatioDS, ^uch are designated, far exanq>le, as N, 
AAAA, AAA,AA,CandD. Other piismatic foxms are also available. 

These battenes suffer fiom several lizxdtadons ii^ 
of wide vaiiatioDs in load currents and a low ef&ciency at high load currents. 
5 Accordingly, in drcumstances where a cousta ut load cuzrent is drawn, such as in 
torch, abatey is an ideal source of energy. However, vdicrc varying load currents, 
and particularly high load.curxents for high power a^lications are encountexed, the 
battery life becomes c omprmn ised. For example, when a power tool, such.as an 
electric drill, is operating at a constant low current to provide a given torque, &e 

10 battery is efQciently providing tiie necessary energy lequhements. However, should 
the operator require a higher torque for a short period, a pulse or surge of power will 
be required. Although this Hepr yand for transitory power is common in many electrical 
appliances and devices, it is not efficiently provided by a battery. There are a number 
of strategies that are adopted to overcome this inherent compromise. For the example 

IS of thedectnc drill, itislorawntoniakeuseof acgustable geaiingtoprov^ 
range of available torque. 

Similar problems to tiiat foreshadowed above &r the drill arise for other 
devices whether they are to^, electronic games, mobile or cellnlar i^ones, portable or 
l^top computers or the like. In an attempt to address this limitation it has been 

20 known to provide a battery havii^ a sHgJitly lower iiiternal resistance. However, this 
form f battery design c ompiom ises the energy density of the resultant battery. 
SUMMARY OF THE INVENTION 

It is an object f the present invention to overcome or amefiorate at least one of 
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the disadvantages of tiie piior art, or to provide a usefiii alternative. 

Accoiding to a first aspect of the invention there is provided an enexgy storage 
device including: 

a housing having two tenninals; 
5 an eiectrocheniical device disposed witiiin the bousii^ for providing an 

electrical potential between the temdnals; and 

a first cs^acitorniounted to the housing and being eiectcically connected to the 
tenninals iri parallel with title eiectrocheniical device. 

Preferably, the capacitor extends about the housing. More preferably, the 
10 housing is cylindrical and extends between two opposed axially spaced ^art ends, 
whereby the ends define respective terminals and tiie capacitor extends about the 
housing intermediate the ends. 

Preferably also, tiie capacitor is an electric double layer siqierca^radtor 

including: 
15 a c^acitor housing; 

a first and a second opposed sheet electrodes disposed wiflun the housing and 

being respectively electdcally connected to the terminals; 
a s^arator located between the electrodes; and 

an electrolyte intermediate the electrodes for allowing charge to be stored at 

20 &e electrodes. 

In a preferred fonn,tiie capacitor is flexibl and wnqjped about the housing. 
However, in other embodiments, tibye capacitor is flexible and configuied as a tube that 
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is disposed within tile housing. Preferably, in either case» the capacitor is wix^yped 
around the eiecttochemicai device. 

Preferably, the electrochemical device is goaerally cylindrical and extends 
between two opposed axially spaced ^ait ends and the Scrst cqiacitor extends axiaily 
S away fium one of the ends. More preferably, the energy storage device in c lndcs a 
second c^acitor which has an aperture for receiving the electrochemical device. 

in a prefored form, the apertxm receives both the electrochemical device and 
the £rst capacitor. More preferably, the second capacitor is txibnlar and extends about 
the first capacitor and the electrochemical device. 
10 Preferably, the electrochemical device is a battery and the ca^iacitor is an 

electric double layer siqiercapacitor. More preferably, the battery is a Li-Ion battery 
that has a solid electrolyte. Even more preferably, the electrolyte includes a polymer. 

Preferably also, tiie electrochemical device and the «q>acitor each include a 
pair of electrodes that are electrically connected to the ieq>ecdve tenninals. More 
IS preferably, the electn>des are fixedly coimected to the respective terminais. However, 
in some embodiments, at least one of the electrodes of the supercapadtor are 
selectively electrically isolated ^oom the terminals, in the case of tiie latter, it is 
preferred that the energy storage device includes a switch tiiat is electrically disposed 
between one of the terminals and one of the electrodes of the capacitor fer effecting 
20 the selective electrical isolation. 

The electrochemical device and the capacitor each include a power density and 
an energy density. Preferably, the energy density of the dectrorhfaniral device is 
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greater than the energy density of the c^acitor and the power densily of tiie 
electrocheinicai device is less than die powo- density of the ca^cstoc. 

According to a second aspect of the invention diere is provided an energy 
storage device inchiding: 
S a housing having two traminals; and 

a first capacitor forming part of the housing and connected to the te rmin a ls , 

Pi^erably, the housii^ has a form factor corresponding or hdng related to 
battery size designations N, AAAA, AAA, AA, C or D. 

More preferably, an eiectxx>chemical device is disposed within the housing for 
10 providing electrical energy to the tenninals. More preferably, the eiectrocfaenncal 
device extends about the housing. 

Preferably also, the housing is cylindrical and extends between two ofsposed 
axially spaced apart ends, whereby the ends define respective tenninals and the 
capacitor extends about the housing intermediate the ends. 
15 Preferably, the capacitor is an electric double layer si^ercapadtor including: 

a capacitor ^ < ^^^istttg ^ 

a first and a second opposed sheet electrodes disposed within the housing and 
being respectively electdcally connected to the tenninals; 
a separator located between the electrodes; and 
20 an electrolyte intennediate the electrodes for allowing charge to be stored at 

the electrodes. 

In a piefe u e d form, die capacitor is flexible and wrapped about the housing. 
However, in other embodiments, the csqiacitor is fieabl and configured as a tube that 
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is disposed xvhhin the housing. Inferably, in dtiier case, liie c^acitor is ^wr^iped 
around Hie electzocfaexnical device. 

Preferably also, fhe electxocfaemicai device is generally cylindrical and esrtends 
between two opposed axially spaced apart ends and the first capacitor extends axially 
S away from one of the ends! More preferably, the energy storage device is of hollow 
construction with an aperture &r receiving the electrochemical device. Even more 
preferably, the qperture receives both the electrochemical device and a second 
capacitor. 

In a preferred form, the first c^acitor is tubular and extends about the second 
10 c^sacitor and &e dectn)chemical device. 

According to another aspect of the invention Ihsrc is provided an energy 
storage device including: 

a housing having an interior and an exterior T^ere the interior defines a candty; 
two terminals disposed on or adjacent to the exterior of the housing for 
15 electrically engaging with respective terminals of a load that requires a predetermined 
load cm ae u t , 

an electrochemical device disposed within the cavity and being electrically 
connected to the terminals Ibrxsroviding a first current to the load; and 

a c^acitor disposed within the cavity and being electrically connected to the 
20 terminals in parallel with the electzochemicai device for providing a second cuxrent to 
th load, whereby the first current and the second currents collectively sum to die 
predetermined load cunent. 
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Preferably, the electrochemical device includes an anode and a cathode that are 
respectively fixedly electrically connected to the terininals by way of an anode tab and 
a cathode tab, and the cs^adtor includes a positive electxode and a negative electrode 
that are respectively fixedly electrically connected to the tenninals by way of a 
5 positive electrode tab and a negative electrode tab. More preferably, the tezminals 
extend JBrom the interior to the exterior and the anode tab, the cathode tab, the positive 
electrode tab, and the negative electrode tab are disposed entirely witiiin the cavity. 

in a prefenred fbnn, the cs^jacitnr is an electric double layer supmapacitor 
including: 
10 a cqsadtor housing 

a first and a second opposed sheet electrodes disposed wifein the housing and 
being respectively electrically connected to His termin al s ; 
a separator located between the electrodes; and 

an electrolyte intermediate 1he electrodes for allowing charge to be stored at 
15 the electrodes. 

Preferably, the housing is flexible. More preferably, the energy storage device 
isfleadble. In odicr embodiments, however, the housing and the electn>chemi^ 
device are rigid and the capacitor is flexible and padced about the dectrocfaenoical 
device. 

20 BIOEFDESCIUPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be described, by way of 

exanqjie only, with refcreoce to the accompanying diawfaigs in whidi: 
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Figure 1 is a schematic perspective view of an energy storage device according 
to the invention; 

Figure 2 is a cross section taken along line 2-2 of Figure 1; 

Figure 3 is a schematic plan view of the supetcapacitor used in the device of 
5 Figure 1, where the supercapacitor is shown in tiie unwotmd configuration; 

Figure 4 illustrates the siq)ercapacitor of Figure 3 in a wound configuration phor 
to mounting to die housing 

Figure 5 is a chart illustrating the discharge profile for a prior art batteiy and an 
en^gy storage device according to the present invention; 
10 Figure 6 is a schematic sectional view of another device according to the 

invention; . 

Figure 7 is a schematic plan view of an alternative sopercapacitoc; 
Figure 8 is a plan view of another energy storage device according to the 
mvention diat is for use with a GSM telephone and winch includes die si;g>eicsq>acitor 
15 of Figure 7; and 

Figure 9 is a schematic cross sectional view taken along line 9-9 of Figure 8. 
Refbring to die drawings, and in particular to Figure 1 and Figure 2, there is 
illustrated an energy storage device 1. The device includes a cylindrical shrink wrap 
housing 2 having two opposed metal *g>t™ials 3 and 4. An electrochemical device in 
20 the form of a dry ceU alkaline battery 5 is disposed within bousing 2 for providing an 
electrical potential between the terminals. An electric doubl layer supercapacitor 6 is 
wrapped around and mounted to housing 2 and connected to tenmnals 3 and 4 in 
parallel with battery 5. 
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DETAn^D DESOOPTION OF THE INVEasm 

As shown in Figure 3, supercapacitor 6 is fanned fiom two like opposed 
rectangular alumimum sheet electrodes 10 which are maintained in a ^i^ed apaat 
overlying configuration by an intermediate sqjarator 1 1 . Each electrode includes a 
coating of activated carbon for providmg a high sor&ce area. Moreover, each 
electrode includes a jirotruding tab, which are separately numbered 15 and 16. The 
tabs includes respective cetitEal j^jcrtures 17 and are configured such that they 
protrude fiom opposite edges of the reflective sheets. 

The elements shown in Figure 3 are placed in apackage with only tabs 15 and 
Idprotruding. An electrolyte is placed in the pacfc^ before it is sealed. This 
arrangement is then wound to provide the tubular superca^jacitor 6, as best shown in 
Figure 4. The supercapacitor is hollow and extends axially between a first eod 19 and 
a second opposed end 20. Each of the aids includes an apertme 21. 

The internal diameter of the siqsercapacitor is such as to complementaiily 
receive battery 5, liidudi is inserted throng one of apertures 21. Moreover, ends 19 
and 21 are axially spaced apart to be co-tenninus with the adjacent ends of the battery. 
That is, superc^acitor 6 provides a sheath into whidi battery 5 is received. Once so 
received, tabs 17 and 18 are folded across respective ac^acent apertmes 21 and 
welded, soldered or otherwise electrically connected to the battery terminals such that 
battery 5 and supercapacitor 6 are connected in paralleL In this embodiment use is 
made of ultrasonic welding. It will be appreciated that th positiv te rmin al of battery 
5 inrlnH^ a detent which is received by and winch extends tfaroi^ aperture 17. 
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Thereafter shimk wrap 2 is applied aiid device 1 is ready ItwiUbe 
zppreciatcd that device 1, when wouzid, has atotai wall thidmess of about 0J2 mm. 
That is, device 1 only increases the diameter of the battery about ^wduch it is di^osed 
by about 0.4 mm. 

Superc^)acitor 6 provides a c^acitance of about 0^ Farads and an esr of 10 
miUiohms. Accoidingly, device 1 o£ras pexfomiaiice characteristics which aze £v 
superior to that of battery S alone. That is, in situations where pulse loading of device 
1 occurs, a predominance of the energy provided will be &om supezcapacitor 5. This 
reduces the pulise load on battery 5 and, as such, allows the batteay life to be ex te n de d. 
Moieover, between pulses battery S is able to recharge supercapacxtor 6. That is, as 
the internal resistances of batteries are generally higher than the esr or equivalent 
series resistance of a capacitor or supercapacitor tiie use of such a capacitor or 
5iq>ercapacitor in parallel with the battery reduces the effective resistance of the 
resultant energy storage device. 

Another preferred embodiment of the invention is illustrated in Figures 7, 8 and 
9. More particularly, with reference to Figure 8, there is shown an energy storage 
device 41 including a hard plastics housing 4Z X>evice 41 has two rectangular metal 
terminals 43 and 44 which are acyacent one another and a bottom edge 45 of the 
housing. Device 41 is selectiveiy engs^ed byway of fisrmations 46 and 47 wxdi a 
GSM telephone (not shown). Moreover, temiinai 43 and 44 are located to abut 
corresponding terminais on die telephone to allow energy transfer to the tel^hone. 

Device 41 inchides an electrochemical device in tbs fiarm of a li-Ion battery 48 
disposed within hn^srng 42 for providing an electrical potential between die terminals. 
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Battery 48 ♦wo elegtmdis tabs 49 whidi dectricallv connect the respective 

positive and negative electrodes of the battery (not shown) to tmninals 43 and 44. 

A capadtor, in the fonn of a siq)eicapacitor 50, is mounted internally to 
housing 42 and is eiectricaily connected to tenninals 43 and 44 m paraflel with battery 
5 48. That is, siq»enapadtor 50 includes two electrode tabs 

the respective electrodes of die sopercapacitor to termfn a ls 43 and 44. 

In the embodiment shown, tabs 5 1 are sandwiched between respective tabs 49 
andtcmnnal43and44. Ih some embodiments the actual physical comiection brtween 
the tabs and the tcmiiiials is effected by welding or soldering. In this specific 
10 embodiment, however, the connection is effected by ultrasonic welding. 

As best shown in Figure 7, Superc^adtor 50 includes two electrodes 52 from 
which respectively extend tabs 51. The electrodes are generally rectangular and 
include respective caibon coatings tiiat are opposed with each oflier. Theelectrodcs 
are maintained in a fixed qiaccd ^art configuration by aporous separator 53 that is 
15 non-conductive. The electrodes and the separator are contained within a sealed 
plastics laminar package 54 which contains an electrolyte for allowing ionic 
conduction between die electrodes. Tabs 51 extend from padcage 54 for connection 
with tenninals 43 and 44, as discussed above. 

In this embodiment, superc^adtor 50 is flexible to ^cilitate its mcorporation 
20 into housing 42. This also aflows siqjercapacitor 50 to be retro fitted into sonie 

existing housings. An example of die construction of such a flexible siqiexcapadtor is 
disclosed in a copending PCT patait application numbered PCT/AU99/O078O, die 
disclosure of which is included herein by way of cross reference. 
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In some embodiments the housing is specifically configmed to accommodate a 
ligjd siq)ero^>acjlDr. 

Battery 48 includes a solid polymer electrolyte (not shown) which, i^iiule 
providing good energy density, places a severe limitatioa on the peak current tibat can 
5 be provided by die batteiy if damage is to be avoided. The camhination of battery 48 . 
and superca^mcitor 50, however, is selected so that, for the currents loads eaqperienced, 
diey do not suffer this same disadvantage. That is, the low est of supercqiacitor SO 
ensures diat peak current demand will be substantially st^iied by the si^excapacitor. . 
That is, superc^adtor 50 is providing an averaging efTect on the battery current In 
10 this case the peak battery current will be closer to die average battery current than 
would be the case in the absence of the supercapacitor. 

Based upon the above teaciimg, it becomes dear that the cspaditance of 
supercapacitor 50 has to be suf&cient to provide the energy required by the load in a 
typical cycle. This will also assist in limiting the peak current of the battery to much 
15 less than die peak current demanded by the load. 

This embodiment of die invention is particulaiiy advantageous as it makes use 
of a simple parallel connection and involves no intervening and expensive cmilXQl 
circuitry. In some embodiments, however, use is made of a switch (not shown) fist 
selectively electrically isolating at least one of die tabs 51 fiom the respective t ermin al 
20 of device 41. This switch can be manually operated, although in other embodiments it 
is electrically operated by wac^ of an IC. 

As with many digital devices, the load diat a GSM telephones presents to an 
energy supply devic has a pulsed characteristic. This places a severe couiprouuse on 
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such a supply ttxat utilises a battery as its only source. That is^ the battexy has to be 
desigaed to ai^eve a reasonsible power density wfaidbi, in turn, conqsroimses energy 
density. The present invention, however, limits diat cuinpi'onuse. 

To better illustrate this, reference is made to Figure 5. The fzst curve, labelled 
5 22, shows the discharge characteristic of three sezially connected prior art dry ceXL 
piimary batteries under a pulse load such as that provided by a GSM mobile 
telephone. The voltage provided by the batteries is dependent not only vpoa tiie 
remaining energy stared but also on the size and duration of die pulsed load. , in 
addition, the internal resistance of a battery generally increases with decre asing energy 

10 stored. Thus there is a threefold effect Firstly as a result of hi^ power pulses die 
battery looses energy or capacity due to I^R energy losses. Secondly, as die energy 
stored in the battery becomes depleted, the energy losses increase. Thirdly, 
voltage provided at the battery terminals decreases due to the IR drop as a result of the 
increased internal resistance of the battery, the increasing IR drop with increasing 

15 resistance, and the decreasing energy stxmd. 

In the chart of Figure 5, the minimum operating voltage for die particular 
apphcadaa is 3 Volts. In so &r as the prior art device is concenied this miuimum is 
reached quickly due to the feee fold effect mentioned above. 

An embodiment of the invention utilising series connected batteries of die same 

20 capacity, in parallel combination witii req>ective senes ccmnected supercapacrtDCS 6L 
provides the characteristic illustrated with curve 23. That is, the operational lifo of 
thisemb diment is greater than tiiat f the prior art as the losses, die voltage drop 
at the terminals of die device and die increase in battery internal resistance are less. 
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This is a direct result of superc^acitor 6 woiidng in parallel with batteiy 5 to supply 
most of the energy required by the individual pulses at the time of the pulse. This, in 
tarn, occurs due to the lower esr and large capacitance of supercs^acitor 6 and the 
quantum of the eno'gy drawn with each pulse. Due to the lower esr of supercapacitor 
5 6 the voltage drop across the energy storage device dazing the pulse is small and 
certainly less than that suffered by the prior art device illustrated in curve 22. 

As die internal resistance of the battery is not now of such concern, die battexy is 
configured for maximum energy density rather than maximum power density. The 
stq>ercsq)acitor accommodates the power requirements of die load which allows the 
10 battery to be designed maximum energy density. This c ombi nat i on also provides 
an exteaded life fat the preferred embodiments in comparison to corresponding prior 
art devices. 

In another embodiment, illustrated in Figure 6 where corresponding fisatuies are 
denoted by corresponding r ef erence numerals, a device 30 includes an electrolytic 

15 c^acitor 31. This additional c^sacitor extends ^dally away fiom one end of battexy 5 
and i^ sheathed within supercapacitor 6. Capacitor 31 is connected in parallel witii 
both battery 5 and supexc^iacitor 6. While c^adtor 31 has a mudh smaller 
capacitance and similar or smalla* esr to supercapacitor 6, it aUows device 30 to 
accommodate extremely h^^ frequency pulses without compromising the life of die 

20 battery. 

Preferably, the external dimensions f device 30 correspond with die extexnal 
dimensions of a prior art battery. For exano^de, in one embodiment, device 30 has 
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esctexnai dimensions of a AA battery, aJthoa^ the battery 5 utilised widun the device 
isanAAAcelL 

In other embodiments, snperc^sacitor 6 is disposed wholly widun the existing 
housing of the battery. In other embodiments, battery 5 and capacitor 3 1 are utilised 
without siqjercapacitor 6. 

Aldiough Ihe supercspacitor and battery aie shown as a single unit, Ihey are, in 
some cases, separately obtained and combined by die user. Pardcuiarly in the Figure 1 
embodiment, the supercapacitor c^n be retro fitted to an existing battery, whedier or 
not that is a primary or a secondary celL 

The embodiments of the invention are particularly advant^eously sq^plied to 
pulsed load applications. Preferably, the esr and capacitance of the c^acitor or 
superc^acxtor used in paxallel widi the battery are selected based vpon the 
characteristics of the load. Accordingly, while general purpose devices are also 
constructed, the invention allows economical tailoring of energy s&Hage devices to 
load specific s^iplications. 

The use of a superc^adtor diat is flexible has a number of advantages. For 
examplCj in some exhbodiments, die siqMroapadlDr is combined in an existing housing 
with an existing rigid electrochemical cell. That is, the flexible nature of the 
supercapacitor allows it to be folded and/or wrapped about the electrochemical cell 
and to fill any available space in the housing rather than having to have a purpose • 
specific space made available fisr it. Acc rdingly, c st and coital savings can be 
realised, in other embodiments, however, specific packaging is produced. 
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Another example of the benefits of the flexible packaging is obtained in those 
embodiments which also utilise flexible battery packaging, such as has been achieved 
with Li-Ion batteries that have solid polymer dectrolytBS. That is, the flexible 
packaging for the two different energy storage components can be selected to be 
similar, and in some cases, the same: Moreover, the commoa jnoblem of electrolyte 
contamination is minimised as only one pair of terminals emerges &am the package 
rather than two s^arate pairs as would be the case witii s^arate packages. That is, 
the point of ingress of contaminants is greatest about the point of bonding between the 
terminals and the packaging. 

The prefened embodiments of the invention that have been described above 
of[er respective unitaiy energy storage devices that combines at least two different 
device types. These combinadons provide: 

• hnproved energy sapply characteristics, particolaziy to pulsed loads; 

• Inqiroved run-times for die electrical device, which is of considerable significance 
to portable devices soch as mobile telephones and l^stop computers; 

• Peak current limiting for the battery - which extends battery lifetime and pcevents 
damage to the battery; 

• A single package £>r two separate types of storage devices, ixinch adds 
considerable convenience to users of portable devices; and 

• A combination of storage devices that win conqiatibly interact dutixi^ both charge 
and discharge cycles. 
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Although ^le invention has been described with reference to specific examples it 
win be appreciated by those dolled in the art that it xnay be embodied in many other 
forms. 



